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SILICON MULTI-CHIP MODULE PACKAGING WITH INTEGRATED 
PASSIVE COMPONENTS AND METHOD OF MAKING 

RACXfiROITNn OF THF TNVFNTIQN 

5 1 FTFTT) OF THF, rNVF/NTION 

This invention relates to multiple function semiconductor devices and, 
in particular, to silicon packaging for holding semiconductor devices and passive 
electronic components in close proximity. 

l0 7 DESCRIPTION OF TH F RFJ ATED ART 



Portable wireless communications are a rapidly growing segment of 
consumer communication devices which are designed to operate in the radio 
frequency (RF) range. Many of these devices now operate in the L-band, or 

15 between 1-2.4 Gigahertz. In light of the increased demand for RF devices and 

the numerous digital-based communications systems which are currently 
available, an integrated package capable of delivering RF and digital 
communications has become desirable. Integrated portable communications 
devices would allow users to utilize one device for operating in a variety of 

20 communications systems. In addition, the integration of components offers 

attractive savings in terms of packaging size, cost, and energy requirements when 
compared to the operation of electrically and physically separate systems within 
one device. 
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The successful integration of RF devices into known digital 
communications systems requires the implementation of RF components within 
digital systems. The group of essential RF components, the front end circuitry of 
RF devices, generally includes passive electronic components. One of the 
benefits of using passive components in front end circuitry is that they experience 
relatively low loss due to the absence of noise from power sources. In addition, 
passive components may be processed at low cost using relatively few steps and 
common materials. Passive components include inductors, capacitors, and 
resistors. These components may be used to provide RF tuned amplifiers, 
oscillators, and optimizing broad-band filters which are required in RF 
communication systems. 

Integrating RF and digital circuitry on a single package will place 
restrictions upon the composition and construction of the included components. 
A key component to the viability of personal communication and similar devices 
is the conservation of power to preserve battery life. Therefore, integrated digital 
and RF components, such as inductors, resistors and capacitors, should be able 
to operate in low power environments. The restriction of having a low power 
supply has, in the past, limited the advance of integrated systems. 

In addition, the production of an integrated package would 
theoretically be optimized by using known integrated circuit (IC) processes for 
the manufacture of such systems. The existence of a variety of known IC 



944127 v5; K8HR05I.DOC 



Docket No. M4065.127/P127 3 Micron Ref.: 98-0747/US 

fabrication processes in addition to the inherent speed, low power consumption, 
and reduced size of IC make it ideal for use in integrated devices. 

Resistors and capacitors form the building blocks of a variety of RF 
devices. The resistivity of a material is dependant upon its composition and 
environment. For RF applications, resistors must have precise, low fluctuation 
resistivity values. For use in RF devices a resistor must be able to operate at 
relatively low resistivity values due to the reduced voltage available from a power 
supply as compared to non-integrated IC devices. Similarly, capacitors for RF 
devices must have predictable values with low tolerances. Construction of 
capacitors and resistors for use in an integrated system while retaining the 
necessary RF characteristics is problematic due to the opposing concerns of RF- 
constrained component operating parameters with the size and power supply 
parameters of integrated circuits. 

The most challenging RF component to adapt to an integrated system 
is the inductor. Inductors are an essential component of a variety of RF devices, 
including RF amplifiers which employ a tuned load. RF amplifiers supply gain 
using inductor-capacitor resonance to nullify device and parasitic capacitance at 
the center frequency. Such devices also form a secondary filter for noise and out- 
of-band signals. Inductors in integrated systems must be able to provide 
relatively large inductance values, ideally greater than 10 nH (dependent upon 
frequency range) while being physically small such that a compact architecture 
can be achieved. The inductance value is dependent in large part upon the 
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geometry of the inductor itself. In fact, the inclusion of passive components will 
often dictate the size of system more than any other part. Thus, design of high 
valued inductors within compact spaces is necessary for successful RF/digital 
integration. 

Capacitors and inductors in RF front end circuitry must also be tuned 
to deliver high quality (Q) factors at the operational frequency. A Q factor is 
dependent upon resistance and either capacitance or inductance, depending upon 
the component being measured. Maximizing Q while recognizing the necessary 
limitations set by theoretically effective integrated systems (size, power, etc.) has 
proven difficult. In addition, inductors and capacitors experience rapid 
deterioration of performance near their self resonating frequency. A self 
resonating frequency will vary depending upon the material composition, the size 
of the device, and the devices surroundings. Many current RF systems operate at 
frequencies ranging from 1.0 to 2.5 GHz. Therefore, the self resonating 
frequency of a inductor or capacitor element should be significandy higher than 
the operating frequency to avoid deterioration of the effectiveness of the 
element. 

Various methods have been used to integrate RF components into IC 
processes. Gallium-Arsenide (GaAs) substrates are the most common platforms 
for fabricating RF passive devices in currendy known systems. GaAs has several 
beneficial qualities which make it attractive for use in integrating RF 
components. Due to the semi-insulating qualities of GaAs, certain passive 
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elements having low to medium Q factors (5-15) may be placed on chip without 
experiencing severe effect deterioration. However, GaAs-based RF components 
suffer from limited Q factors due to inherent problems with on-chip noise and 
physical limitations. In addition, the on-chip noise contributes to increased 
fluctuations in inductance and capacitance values, rendering them fairly 
unpredictable. The resulting GaAs-based systems exhibit properties which are 
unacceptable if the device is to function in future integrated communications 
networks which will require predictability and high Q factors. 

Silicon-based passive components theoretically offer the best 
combination of qualities for use in integrated systems. Silicon is a relatively 
inexpensive material for which numerous processing systems have been 
developed. Silicon bipolar processes have threshold frequencies, from 2-50 
GHz, which are sufficient to supply gain through the most common RF 
communications frequencies. In addition, silicon IC's are capable of higher 
complexity than GaAs systems, allowing for the possibility of more compact 
integration. 

Though attractive, silicon technology raises several barriers to 
successful integration of RF and digital technology. Silicon substrates suffer 
from lower substrate resistivity when compared to GaAs. The inherent 
conductance of the silicon substrate induces loss and limits inductors and 
capacitors to poor Q factors. Encasing the transmission line conductors in the 
oxide insulators used in silicon integrated circuits increases the stray capacitance 
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and lowers the self resonance frequency. Thus, as the frequency received by an 
integrated communications system is increased, the inductance will decrease. 
Losses in the conductive silicon substrates are increased by the high dielectric 
constant of the insulators under the conductors, and relatively large values of 
stray capacitive coupling to the silicon substrate. Resistors, though effected by 
their surroundings, generally perform well when deposited on a silicon substrate. 
Poor Q value in capacitors and inductors and RF/digital line conductor loss 
have created significant barriers to fabrication of a viable integrated system. 
Though several attempts to solve these problems have been made, no device has 
addressed each of these concerns sufficiendy. The effect of a silicon substrate on 
passive device performance is described in Integrated Passive Components in 
MCM-Si Technology an d their Applications in RF-Svstems, IEEE 1998 
International Conference on Multichip Module and High Density Packaging, 
1998 (Hartung). A multilayer construction containing a one micron thick 
silicon dioxide layer as an insulator was formed on a silicon substrate and 
significant performance loss was found in passive devices formed within the 
multilayer construction due to the low resistivity of the silicon substrate. 

Several prior art schemes have been developed to deal with problems 
inherent in silicon-based passive element fabrication and integration. One 
solution utilizes an air bridge between an inductor and the silicon substrate as 
described in U.S. Patent 5,539,241 {Abidi et al). Fig. 8 shows a typical air 
bridge construction wherein a cavity 254 is etched in substrate 250. Inductor 
elements 256 are then deposited in oxide layer 252 such that the inductor 
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elements 256 are located above the cavity 254. The cavity 254, filled with air, 
acts as an insulator between the inductors 256 and the semiconductor substrate 
250 and, therefore, reduces the negative effects which come from having a silicon 
substrate. 

Similarly, the use of suspended wire spans is described in A IV, 5mW, 
1 SGHz, Balanced Voltage-Controlled Oscillator with an Integrated Resonator 
(Hitkoy ct al.) y to create inductors for use in silicon-based voltage controlled 
oscillators (VCO). Shown in Fig. 9a and 9b, the design is comprised of metal 
wires 304 suspended from the surface of the substrate 300 by the use of pads 
302. The wires 304 are formed in a U shape, shown in Fig. 9b, and are 
suspended above substrate 300 such that air acts as an insulator between the 
silicon substrate 300 and the wires 304. The metal wires 304 are electrically 
connected to circuit elements contained within the substrate 300 through 
contacts 306. 

Higher Q inductors have also been developed in silicon-based 
substrates using a five to six level metal BiCMOS technology, as described in 
Integrated RF and Microwave Compon ents in BiCMOS Technology. 43 IEEE 
Transactions on Electron Devices 9, 1996 {Burghctrtz). However, the 
implementation of spiral inductors using this technology is not practical in light 
of the fact that the five to six levels of metal architecture needed is far in excess of 
the two to four levels most commonly used in CMOS construction processes. 



944127 v5; K8HR051.DOC 



Docket No. M4065.127/P127 8 Micron Ref.: 98-0747/US 

Integration of spiral inductors has also been accomplished for discrete 
multi-chip modules (MCM-D) using LSI technology. As described in Lowr 
rompleYit y MCM-D Techno log y with Integrated Passives for High Frequency 
Ap plications . IEEE 1998 (Samber ct a/.), the process uses a double metal back- 
end process on isolated high-ohmic silicon and incorporates a resistor layer, thin 
film resistors, capacitors, and inductors. 

Integration of passive components into MCM-Si technology has 
proven to be difficult. Silicon is preferred because it is relatively easy to process, 
there are known methods for processing , and it achieves good flatness and 
reduced roughness over comparable materials. Passive devices in silicon would 
also have similar thermal coefficients to the chip die, ensuring environmental 
compatibility. U.S. Patent 5,770,476 teaches the use of an interposer 
constructed of a conductor-insulator-conductor on which passive devices are 
created. None of the described methods produces silicon-based system within 
which high-Q inductors and capacitors can be placed in close proximity to a chip 
containing digital circuitry. 

SUMMARY OF THE INW,NTION 

The present invention provides a multi-chip module that is able to 
overcome some of the problems attendant the integration of RF and digital 
circuitry within the same packaging. 



944127 v5; KSHR05S.DOC 



Docket No. M4065.127/P127 9 Micron Ref.: 98-0747/US 

The above and other features and advantages of the invention are 
achieved by providing an apparatus for the supply of passive electronic elements 
to a chip containing circuitry capable of operating in a digital-based 
communications system. The invention provides a silicon interposer chip 
package which includes a silicon substrate and which is capable of carrying one or 
more IC chips and which does not suffer semiconductor leeching problems. A 
silicon substrate is formed from a silicon layer and an insulating layer, the latter 
of which is preferably constructed of oxide. Passive circuit elements are 
fabricated within and/or on the interposer insulating layer. Integrating the 
passive circuit elements within and/or on the interposer insulating layer and the 
connection of the interposer with an integrated circuit chip increases the overall 
efficiency of the device. The interposer is bonded to the integrated circuit chip 
using flip-chip processing. The resulting silicon based CMOS package has 
passive circuit elements having superior Q factors and exhibits an overall increase 
in mechanical strength in comparison to most known methods for integrating RF 
integrated circuit components. 

The above and other advantages and features of the present invention 
will be better understood from the following detailed description of the preferred 
embodiment which is provided in connection with the accompanying drawings. 
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RRTFP OKSCRTPTTON OP THE DRAWTNTfiS 



Fig. 1 is a cross sectional view of a preferred embodiment of the 
present invention; 

Fig. 2a-c are cross sectional views depicting the fabrication of an 
interposer shown in Fig. 1; 

Fig. 3 is a cross-sectional view of an integrated circuit chip shown in 

Fig. 1; 

Fig. 4 is a cross sectional view of the Fig. 1 arrangement just prior to 
bonding of various elements together; 

Fig. 5 is a perspective view of a substrate containing a plurality of 
interposers which are to be diced therefrom; 

Fig. 6 is a cross sectional view of Fig. 1 structure encapsulated with a 
lead frame; 

Fig. 7 is a perspective view of an RF/digital communications system 
utilizing the Fig. 6 structure; 

Fig. 8 is a cross sectional view of a prior art inductor element utilizing 
an air bridge; and 



944127 v5; K8HR05I.DOC 



Docket No. M4065.127/P127 11 Micron Rcf.: 98-0747/US 

Figs 9a-b are side and top views of a prior art inductor element 
utilizing wire spans. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

In the following detailed description, reference is made to the 
accompanying drawings which form a part hereof, and in which is shown by way 
of illustration specific embodiments in which the invention may be practiced. 
These embodiments are described in sufficient detail to enable those skilled in 
the art to practice the invention, and it is to be understood that other 
embodiments may be utilized, and that structural, logical and electrical changes 
may be made without departing from the spirit and scope of the present 
invention. Wherever possible, like numerals are used to refer to like elements 
and functions in the various figures of the drawings and between the different 
embodiments of the present invention. 

An integrated circuit chip package 30 in accordance with the present 
invention is illustrated generally in Fig. 1. Package 30 consists of an interposer 
10 and integrated circuit ("IC") chips 20, 22. To allow for the integration of 
active and passive circuit elements in a package 30 having a compact architecture, 
the interposer 10 has a substrate layer 100 and an insulating layer 104 which may 
be formed on one or both sides of substrate layer 100. Passive circuit elements, 
represented in the embodiment of Fig. 1 as inductors 106, resistors 108, and 
capacitors 110 are formed in and/or on the insulating layers 104. The passive 
circuit elements are separated from the substrate layer 100 by a barrier layer 170 
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of the insulating layer 104. Though shown in Fig. 1 as inductors 106, resistors 
108, and capacitors 110, the passive circuit elements contained within interposer 
10 may be any device which does not require an external power source for 
operation. Passive elements on the same side of the interposer 10 are 
interconnected by conductor lines 112, which are preferably metal lines. The 
integrated circuit chips 20, 22 are comprised of chips 120 which contain at least 
one integrated circuit element 140 and conductor lines 142, which are also 
preferably metal lines, to form an electrical connection between the integrated 
circuit elements 140 and from the integrated circuit elements 140 to solder joints 
150. The IC chips 20 are preferably flip-chip mounted onto interposer 10 
though solder joints 150 which connect conductor lines 112 of the interposer 10 
to conductor lines 142 of the chips 120. A wire bond 138 or a lead frame may 
be connected to either the IC chips 20, 22 or the interposer 10 to facilitate 
connection of the package 30 to an outside source, such as a circuit board 184 or 
another package 30. As shown in Fig. 1, the open spaces between the IC chips 
20, 22 and the interposer 10 is filled with an epoxy 122. The epoxy 122 
provides for passivation and improves the fatigue characteristics of the solder 
joints 150 which exist between the IC chips 20, 22 and the interposer 10. 

Silicon is a particularly suitable material for forming the substrate 100 
of interposer 10. Silicon is inexpensive and readily available. Further, the 
material characteristics of silicon, specifically the thermal characteristics, match 
those of IC chips 20, 22 which are commonly formed of silicon. In addition to 
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silicon, gallium arsenide (GaAs) may also be used for the substrate 100 of the 
interposer 10. 

The insulating layer 104 exists on one or both sides of the substrate 100 
and forms an effective barrier layer 170 between the passive elements, e.g. the 
inductors 106, the capacitors 110 and the resistors 108, and the substrate 100. 
The formation of the barrier layer 170 prevents effect degradation of the 
inductors 106, the capacitors 110 and the resistors 108 by eliminating loss 
caused by the inherent conductance of the semiconductor substrate 100. In the 
embodiment in which substrate layer 100 is formed of silicon, the insulating layer 
104 may be a silicon-oxide (Si0 2 ) layer which is formed on one or both sides of a 
silicon substrate 100 such that the inductors 106, the capacitors 110 and the 
resistors 108 are shielded from the silicon substrate 100 by a barrier layer 170 of 
the insulating layer 104 sufficient to eliminate conductance to the substrate 100. 

IC chips 20, 22 may be any CMOS-based chips containing logic device 
elements such as transistors. For example, the IC chips 20, 22 may be a storage 
device such as a memory chip, a microprocessor chip. Alternatively, the IC chips 
20, 22 may contain analog circuits or a combination of analog and digital 
circuits. In one preferred embodiment IC chips 20, 22 are provided which 
contain digital-based communication circuitry. Each of the IC chips 20, 22 
contains a plurality of integrated circuit elements 140 and interconnecting 
conductor lines 142 which also connect with solder joints 150. Chip 120 may 
be constructed using a silicon substrate, a GaAs substrate, or any other material 
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substrate known for vise in integrated circuit fabrication. The digital circuit 
elements 140 may be transistor elements such as MOSFET transistors. In one 
embodiment of the present invention, the digital circuit elements 140 of the 
chips 120 form the required analog and digital circuitry for an analog/digital RF 
communication system. 

The process for forming package 30 will next be described with reference 
to Figs. 2a-5. Fig. 2a shows the interposer 10 in a preliminary stage of 
construction having a substrate 100 and insulating layers 104 on opposite sides 
of the substrate 100. The substrate 100, which may ultimately yield many 
interposers 10, is subjected to an oxide deposition, preferably silicon dioxide 
(Si0 2 ) on a silicon substrate 100. Oxide deposition may occur through methods 
known in the art, for example thermal oxidation, chemical vapor deposition, and 
sputtering techniques. The oxide deposition process forms an insulating layer 
104 on both major surfaces of the silicon substrate 100. The insulating layer 
104 is thin in comparison to the substrate 100, for example, the insulating layer 
104 may be between 3-5 microns thick for a substrate 100 having a thickness of 
50 microns. 

Alternatively, insulating layer 104 may be formed on only one or a part of 
one or both surfaces of the substrate layer 100, as desired. For purposes of 
further description of the invention an interposer 10 having insulating layers 104 
on both sides of substrate 100 will be discussed. 
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Referring now to Figs. 2b and 2c, once the insulating layers 104 have 
been formed, inductors 106, resistors 108, and capacitors 110 and metal 
interconnect lines 112 are formed in and on an upper surface of the insulating 
layers 104 through a variety of techniques, described below. A barrier layer 170 
of insulating layer 104 remains between the inductors 106, resistors 108, 
capacitors 110, and conductor lines 112 and the substrate 100 sufficient to shield 
the inductors 106, resistors 108, capacitors 110, and conductor lines 112 from 
the conductance of the substrate 100. The formation of the inductors 106, 
resistors 108, capacitors 110, and conductor lines 112 may be accomplished in 
any order and will be dictated by the desired number and placement of passive 
elements within the interposer 10. 

The resistors 108 are preferably thin-film, precision valued resistors. 
Utilizing thin film construction for the resistors 108 simplifies the construction 
of the package 30 while allowing a compact architecture to be maintained. The 
resistors 108 may be formed on the surface of insulating layer 104 by film 
deposit, masking sequences, or by lift-off techniques. The resistors 108 may be 
formed of any metallic material having the desired resistance characteristics such 
as, for example, nichrome, titanium, or tungsten. The reduction in size and 
weight possible with thin film techniques is complemented by the fact that wire 
bonds are not needed since there is direct metallization contact through 
conductor lines 112 to the resistors 108, as shown in Fig. 2c. This results in 
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compact architectures and improved performance due to a reduction in the 
parasitic effects attributed to wire bonds. 

The capacitors 110 are also constructed using thin film processes such as, 
for example, film deposit, masking sequences or lift-off techniques. The 
capacitors 110 are preferably metal-dielectric-metal capacitors each formed by 
depositing a pair of metal layers, the storage node 126 and the cell plate 128, 
separated by a deposited dielectric layer 130. The storage node 126 and the cell 
plate 128 are preferably formed of a metallic material and may vary in size 
dependant upon the desired storage capacity of the individual capacitors 110. 
Storage node 126 is required as the substrate 100 cannot act as part of the 
capacitor 110 due to the thickness of barrier layer 170. The storage node 126 is 
electrically connected to other passive elements and solder joints 150 through 
conducting lines 112, preferably metal lines, deposited prior to deposition of the 
storage node 126. The dielectric layer 130 is preferably another layer of oxide 
similar to that which forms insulating layer 104 and is grown after deposition of 
the storage node 126. The dielectric layer 130 may be, for example, a thin 
silicon dioxide layer having a thickness of less than 1500 A. Alternatively, the 
dielectric layer 130 may be comprised of an oxide-nitride-oxide dielectric which 
would allow the capacitors 110 to occupy a smaller overall area. The insulating 
layer 104 is then grown through oxide deposition to encase the capacitors 110. 
To allow electrical contact to the capacitors 110, wells 134 are etched into 
insulating layer 104 such that the cell plates 128 are exposed. The wells contain 
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conductors connected to conducting lines 112. Because the capacitors 110 are 
completely encased in the insulating layer 104, the present invention is 
mechanically stronger than other passive element constructions, such as those 
using the air-bridge construction shown in Fig. 8. 

The inductors 106 are preferably metal spiral inductors formed by 
deposition of a thin metallic layer in a spiral shape after formation of the barrier 
layer 170 of the insulating layer 104, as shown in Fig. 2b. This is followed by 
additional oxide growth of insulating layer 104 such that the inductors 106 are 
encased by insulating layer 104. Spiral inductors are thin strips of metal formed 
in a spiral shape parallel to the plane of the surface of insulating layer 104. The 
benefit of using spiral inductors for the passive element inductors 106 is that a 
significant reduction in overall size is possible, in comparison to non-spiral 
inductors, which reduces resistance in the inductors 106 and, therefore, results in 
higher Q factors for the inductors 106. The inductors 106 may be formed by 
any number of known techniques such as sputtering, evaporation, chemical vapor 
deposition, physical vapor deposition, etc. As noted, after deposition of the 
inductors 106, the insulating layer 104 is grown to encase the spiral inductor 
106 as shown in Fig. 2b and 2c. To allow electrical contact to the inductors 
106, wells 132 are etched into the insulating layers 104 such that a portion of 
the inductors 106 is exposed for electrical connection to conducting lines 112. 

Referring to Fig. 2c, the inductors 106, resistors 108, and capacitors 110 
of the interposer 10 are electrically connected by conductor lines 112, preferably 
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metal lines, which may be formed at varying points in the processing of 
interposer 10, as needed. Conductor lines 112 form a 'bus' for connecting the 
inductors 106, resistors 108, capacitors 110, and any other elements situated on 
or within the insulating layers 104 of the interposer 10. To form an electrical 
contact to the inductors 106 and capacitors 110 the conductor lines 112 must fill 
wells 132, 134, respectively. Conductor lines 112 may be constructed of, for 
example, aluminum (Al), copper (Cu), or silver (Ag) deposited by masked 
sputtering, evaporation, chemical vapor deposition, or physical vapor deposition 
techniques. Although the conductor lines 112 are shown in Figs. 1, 2c, and 3 to 
consist of one layer of metal, any number of conductor lines 112 may be 
deposited on any number of insulating layers as are needed for circuit connection 
depending upon the placement of passive or active devices within the interposer 
10. 

In another embodiment of the invention, a polyamide film is used to 
construct insulating layer 104 instead of an oxide material. The inductors 106, 
resistors 108, capacitors 110, and conductor lines 112 are deposited in the 
polyamide film layer 104 through flex circuit manufacturing processes. 
Polyamide may be preferred to oxide in cases where lower capacitance is 
required. In addition, polyamide offers insulating capabilities similar to oxides 
but with a lower required thickness which reduces the overall size of package 30. 
Therefore, the use of polyamide film layers 104 may further shrink the geometry 
of integrated communications systems utilizing the present invention. 
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When the present invention is used in digital/analog RF communications 
systems, the inductors 106, resistors 108 and capacitors 110 are formed such that 
the passive RF circuitry is formed in the interposer 10. The passive elements may 
also be formed on the surface of the insulating layer 104. The capacitor 110, 
resistor 108 and inductor 106 may also be used as components in the 
implementation of RF circuits including, for example, oscillators, tuned 
amplifiers, and broad band amplifiers. 

Although Figs. 1-2, and 4 generally show one inductor 106, resistor 108, 
and capacitor 110 on or within the insulating layers 104 on each surface of the 
substrate 100, any number or combination of passive circuit elements may be 
used on one or both sides of the substrate 100. Alternatively, the interposer 
substrate 100 may also have active devices built on or into the insulating layers 
104 on one or both sides of the substrate 100. At a minimum, interposer 10 has 
at least one passive element on one surface thereof and a barrier layer 170 
between the passive elements and substrate 100. 

To facilitate connection of the interposer 10 to the IC chips 20, 22, 
solder ball leads 118 are formed on interposer 10 as shown in Fig. 2c. The 
connection of the solder ball leads 118 to the interposer 10 is accomplished by 
placing solder balls on pads connected to conductor lines 112 of the interposer 
10 such that an electrical connection is made between the conductor lines 112 
and the solder ball leads 118 at selected points. Similarly, solder balls 126 are 
formed on the surface of a chip 120 such that electrical connection to integrated 
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circuit elements 140 is established through conducting layer 142 as shown in 
Figs. 3 and 4. The solder ball leads 118, 126 are, preferably, composed of Cr- 
Cu-Au, Zr-Ni-Cu-Au, Ti-Ni-Cu-Au, or lead-based (Pb) composites. If a global 
heating method is to be used, wherein the temperature of the entire package 30 
is raised to a temperature sufficient to melt the solder ball leads 118, 126, the use 
of different types of solder having different melting points may be desirable to 
form individual or groups of solder ball leads 118 and 126. For example, Pb 
2.5% solder may be used for the solder ball leads 118, 126 on one surface of the 
interposer 10, and Pb 11% solder may be used for the solder ball leads 118, 126 
for the other surface of interposer 10. Further, another different type of solder, 
for example Pb-62% Sn, may be used for soldering the interposer 10 into a 
circuit board. Alternatively, the solder ball leads 118, 126 are heated locally so 
that the heating of one solder joint 150 does not cause heating of other solder 
joints 150, such as those on the opposing surface of the interposer 10. 

After the interposer 10 has been constructed and the IC chips 20, 22 have 
been provided, the interposer 10 is ready to have the IC chips 20, 22 mounted 
on its opposing surfaces. The packaging system 30 of the present invention is 
formed by mounting the IC chips 20, 22 to the interposer 10 by a process often 
called "flip chip" bonding, as shown in Figs. 1 and 4. The interposer 10 and IC 
chips 20, 22 are arranged ( or "flipped") with solder ball leads 118 touching 
corresponding solder ball leads 126 on interposer 10 and IC chips 20, 22, 
respectively, as shown in Fig. 4. The solder ball leads 118 and 126 are then 
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heated to or above the melting point temperature of the specific solder material 
used such that solder joints^ 50 are formed, as shown in Fig. 1. 

Using a "flip chip" manufacturing method allows for the production of 
high-density device assemblies. The assembly method places the passive device 
elements, inductors 106, resistors 108, and capacitors 110, in close physical 
proximity to the circuitry contained within IC chips 20, 22 to reduce the overall 
size of package 30. Therefore, the compact architecture needed to successfully 
integrate RF and digital circuitry can be realized. Although Fig. 4 shows 
interposer 10 and each IC chip 20, 22 having two solder ball leads 118, 126, 
respectively, any number of solder ball leads may be formed on the interposer 10 
and IC chips 20, 22 depending upon the number of electrical connections 
required between the interposer 10 and the specific IC chips 20, 22 used in the 
package 30. 

As an alternative to the use of solder balls 118, 126, a conductive adhesive 
may be used to attach the IC chips 20, 22 to the interposer 10, thereby avoiding 
any problems associated with heating. 

In yet another embodiment of the invention, a single semiconductor 
substrate may be used to form interposers 10. Fig. 5 shows a product 50 having 
a silicon substrate layer 200 and insulating layers 206 which have been processed 
to form a number of interposers 10 according to the present invention. The 
product 50 may then be diced along lines 202, 204 to form individual 
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interposers 10 for use in the construction of packages 30 according to the 
present invention to save time and production costs. Actual dicing of the 
product 50 may occur at any stage of the processing of the interposer 10 such as, 
for example, after an interposer is populated with passive circuits and wired as 
described above, or following formation of the insulating layer 104 and prior to 
the formation of the passive circuits. 

Once the package 30 has been fabricated it can be mounted on a larger 
circuit board and/or connected to other elements. The mounting of the 
package 30 may be accomplished by mechanical means well-known in the art, 
such as through the use of lead frames. Fig. 6 shows a lead frame 160 for 
carrying the completed package 30 having wire bonds or leads 162. The leads 
162 of the lead frame 160 will connect to either the IC chips 20, 22 or the 
interposer 10 through wire bonds 138 or the chips and/or interposer can be, in 
part or in whole, directly bonded to the lead frame. In order to protect the 
interposer 10 and the IC chips 20, 22, the unit may be encapsulated by methods 
well-known in the art, such as through an epoxy encapsulation 164 or sealing in 
a container which is vacuum-sealed or filled with an inert gas. 

Fig. 7 shows the implementation of the lead frame 160 containing the 
package 30 of the present invention within an integrated RF/digital 
communications system 40. Lead frame 160 is electrically connected to a circuit 
board 166 through leads 162. At least one lead 162 is connected through 
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conductor line 170 to an antenna 168 for receiving and sending RF signals 
which are processed by the package 30 contained within the lead frame 162. 

With the present invention, the integration of RF analog circuit elements 
and digital circuit elements within a single circuit package which is compact and 
does not suffer from semiconductor substrate induced effect degradation is 
performed without the need to use mechanically weak constructs such as 
substrate air-bridges and without the need to use a non-semiconductor base for 
the implementation of passive circuit elements. 

It should be readily understood that the invention is not limited to the 
specific embodiment described and illustrated above. Rather, the invention can 
be modified to incorporate any number of variations, alterations, substitutions or 
equivalent arrangements not heretofore described, which are commensurate with 
the spirit and scope of the invention. Accordingly, the invention is not limited 
by the foregoing description, but is only limited by the scope of the appended 
claims. 

What is claimed as new and desired to be protected by Letters Patent 
of the United States is: 
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